Public health risk assessment of onsite wastewater treatment systems (OWTS) in the city of Port Harcourt, Nigeria and its environs was carried out between the period of August 2012 and April 2013.
INTRODUCTION
Sanitation is an important indicator of development, and poor coverage, such as in Nigeria, poses serious challenges (Adelegan & Ojo ) , especially in developing countries like Nigeria where access to adequate sanitation facilities is a serious challenge. The WHO/UNICEF (); WHO () sanitation coverage for Nigeria records a total of 39% and 35% for urban and rural populations, respectively.
According to Shako () , figures such as these were obtained from relaxed definitions and low standards, adopted by national governments and the international community (UN-Habitat ), probably because anything above, for instance those of Kvarnstrom et al. () , could gravely affect the sanitation statistics of many developing countries. Considering that most developing countries design public policies and intervention programmes based on such figures as those mentioned above, it is safe to assume that there will be lax standards and requirements.
in most developing countries. Onsite systems collect, treat, dispose/reuse treated wastewater at or near the source of generation (Crites & Tchobanoglous ) and are used by a large population globally (Strauss & Montangero ) . This is not the case in developing countries like Nigeria, where nothing has really changed in the design, operations and regulations of OWTS since the earliest days of their existence; these systems in their current state pose a high risk to public health and environmental quality, and so urgently need change and upgrade (Metcalf & Eddy ;
Brown & Root ). It is, therefore, no surprise that the major public health and environmental challenges of most developing countries' existing OWTS are in design, construction, installation, maintenance as well as regulatory and policy designs which could (and often do) lead to malfunctions. They are not likely to match up to surrounding urban modernizations. Considering that public policies are designed to guide actions, programmes and plans of government and other stakeholders, then it can be assumed that outdated public policies cannot guarantee solutions for today. Therefore, the high rate of failure and absence of technological improvement of OWTS in many developing countries can be linked to weak and outdated policy frameworks that lead to unclear and inadequate regulations and standards. We assume that it is then expedient to update related public policies to be relevant in context, technology selection and safety. Achieving strong and effective public policies for sanitation treatment systems will require improved technology design, operation and maintenance, as well as standardized risk assessment and management
If it is agreed that adequate operations and maintenance with effective monitoring by regulators can reduce public health risks, then conversely we can assume that an absence of these factors can lead to system failures, which could be associated with inappropriate location and system setbacks, improper design and installation, overloading and physical disturbance, among others; all of these pose enormous public health risks. These are challenges which could be captured in public policies that guide regulations, and such public policies need relevant and reliable data to base directives on. is not enough to collect data on public health risk if it cannot influence policy practice. The intention of this study is to show how the information gathered from public health risk assessment of OWTS can be used for the improvement and formulation of public policies, which is important for the translation of research into policy and action.
METHODOLOGY Study site
The study was conducted in Port Harcourt city, capital of Rivers State (Nigeria). The city is situated at the southern tip of the country, with a surface area of approximately 30,000 km 2 , and is located along rivers and creeks, and partly on marshlands and mangrove swamps. The population of Port Harcourt city (within its municipal boundaries) was estimated to be about 800,000 in 2006, and is estimated to be 1.9 million for Greater Port Harcourt It is interesting to note that in all these institutions and related regulations, there are no specific details on design, construction, installation, operation and maintenance, and no specific government agency/ministry responsible for OWTS. This study reveals that available regulations relating to OWTS tend to be weak, vague and too generalized, making compliance/enforcement almost impossible (Supplementary information Figure S1 , available in the online version of this paper).
Data collection

Desk study review
This involved studying various related literature with respect to OWTS. Specific literature on sanitation, sewage and wastewater management was reviewed. Relevant data on OWTS plan approval processes were also reviewed. Other documents reviewed were policy guidelines, legislation, regulations and strategies for better understanding of the policy arena.
Residential performance audit survey of OWTS in Port Harcourt city
The 246 households (consisting of a minimum of six individuals per household) were sampled using a representative given out, 85 were successfully completed and returned for analysis. Data were collected via the survey using a structured questionnaire, which consisted of 56 questions on the following issues: background information, sewage management legislation and regulation, the system plan approval process and compliance inspection and monitoring.
Public health risk assessment (PHRA)
The public health risk assessment aspect was used to evaluate potential health risks from exposure to wastewater effluents or environmental media exposed to these effluents. The goal was to provide quantitative estimates for constituents of con- 
RESULTS
Residential performance audit on OWTS
General information on OWTS in Port Harcourt
The land-use pattern of residential areas of the city is mostly multi-family residency units, closely followed by single- 
Site conditions and system design
The audit process revealed serious environmental nuisances resulting from free flowing wastewater. The all year-round high rainfall in the study area poses serious erosion, flooding and water-logging hazards, which threaten the normal operations of the systems and are worsened by the high water table of the area. It was revealed that these systems were not properly designed, configured and constructed, and often lacked internal structures such as baffle walls, inlet tees, and other external features such as manholes, etc., which could have significantly improved effluent quality.
With no clear-cut standards in the state and country, the rule of thumb of 3 meters setback to buildings, 50 meters and above setback to drinking water sources and 150 meters setback to waterfront was not observed in most of the facilities.
Quality of tanks, distribution and absorption systems
The study revealed the poor structural condition of the septic tanks, which led to serious damage and failure of the distributing systems. Tanks were structurally unsound and unacceptable, with varying degrees of cracks, deterioration and damage, infiltration of surface water and run-off into the tanks leading to rapid filling of the tanks. It was also noticed that effluent was surfacing at the absorption area of the systems in most premises visited (Figure 2 ).
Public policy survey of OWTS
Background information
The majority of officers interviewed were responsible for design and construction, system plan approvals and health inspection and had 5-25 years' level of experience. The regulatory responsibilities of these officers in relation to OWTS include, among others, monitoring and evaluation, inspection and recommendation for corrective actions, disposal of sludge from systems, containment of sewage, design, installation and construction, approval of building plans and supervision of construction sites, plus prosecution of sanitation-and environmental-related cases.
Suitability of OWTS policy, legislation and regulation
The survey revealed that sewage management policies, legislation and regulations were very inadequate and inappropriate for any improvement of OWTS. There were no specific technology and design standards (a situation common in the whole country), which has led to the poor quality of OWTS (Figure 3 ). The respondents revealed that there were no elements of risk assessment considerations in existing legislation on sewage management, making it difficult to improve design and construction; this is the reason why for more than 100 years there has been no form of improvement in design, technology and construction.
OWTS plan approval and system inspection
The respondents noted that there were few or no considerations for site evaluations and soil testing before system approval for OWTS construction. There were no permit renewals after systems had been constructed, making 
DISCUSSION
The OWTS performance audit discovered that the common system failures prevalent in the study area were discharge of raw sewage directly into the environment, poor structural conditions, water infiltration into the system, ponding of This is quite worrisome, because the OWTS is the major system for sewage treatment in the city and the study covered the high density, middle class and affluent areas and found the same conditions at varying degrees. The high density areas were more grievous, probably because there are more people using a particular system. This is compounded by a weak disposal system that encourages direct discharge to the environment, even surface water. The picture painted by the public health risk assessment revealed the real time status of the city's domestic sewage control system; this is a situation that can truly be corrected by proper and adequate regulations and standards.
The national and various state policies on sanitation are vague and ambiguous. In Rivers State, for instance, the current legal framework for the management of sanitation is grossly inadequate for sustainable OWTS in the capital city Cookey et al. (2014 Cookey et al. ( , 2015 
CONCLUSIONS AND RECOMMENDATIONS
The study was designed to examine the use of public health risk assessment to improve the public policy framework for 
